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摘 要 
设计合成具有―质量轻，厚度薄，频率宽，吸收强‖的吸波材料是相关领域的
研究热点。许多材料具有较好的微波吸收性能，但单一的微波吸波材料往往只能
在较窄的频率范围内有强吸收。而纳米复合物、异质结构等复合体系在保留不同
组分固有性质的同时还可能有利于满足微波阻抗匹配的条件。增加的界面结构也
有利于提升电荷极化和改善磁性，并影响复合体系的有效介电常数和磁导率，从
而提升材料的微波吸收性能。因而本文以 Co 基纳米复合体系的构筑与性能研究
为主线，制备了多种纳米复合材料，考察了化学组分、样品形貌等对复合材料的
微波吸收性能的影响，主要内容如下： 
1、形貌和组成对 Co、CoO、Co3O4 吸波性能的影响。以水热法制备片状、
花状等多种形貌的 Co(OH)2 前驱物，通过不同的气氛煅烧获得系列 Co、CoO、
Co3O4 纳米结构，研究了组成与形貌对微波吸收性能的影响。三元混合物
Co/CoO/Co3O4 体系的有效频带可以达到 7 GHz，其最大吸收可以达到-61 dB。结
果表明由片状结构构成的三维花状结构的体系有利于电磁波的进入，当金属钴颗
粒存在于花状氧化物内部时，可以有效避免趋肤效应，提升材料的微波吸收性能。 
2、形貌对 Co3O4和 Co3O4/graphene 体系的介电常数和磁导率的影响。利用
水热法合成四种形貌的 Co3O4，它们的形貌分别是星状、海胆、花片状以及空心
的六方片状结构。四种形貌的 Co3O4 样品的电磁参数结果表明它们的介电常数差
异大。将 Co3O4 和非磁性石墨烯复合，Co3O4带/石墨烯样品厚度为 1.5 mm 时，
反射损失在 14.56 GHz 达到-25.7 dB,频带宽度达到 6.5 GHz。Co3O4片/石墨烯的
样品厚度为 2.0 mm 时，在 8.88 GHz 达到-18.3 dB。 
3、链状结构的组成对电磁波吸波性能的影响。采用溶剂热和空气氧化部分
金属的方法合成(Ni,Co)@NixCo3-xO4, (Ni,Fe)@NixFe3-xO4, (Co,Fe)@CoxFe3-xO4 和
(Ni,Co)@(Ni,Co)xFe3-xO4 等系列金属@金属氧化物的核壳链状结构。测试表明，
(Ni,Co)@(Ni,Co)xFe3-xO4 核壳链状结构的微波吸收性能高于其他三种链状结构。
同时通过与少量石墨烯的混合，得到的(Ni,Co)@(Ni,Co)xFe3-xO4/graphene 复合体
系的微波吸收性能得到进一步改善，其反射损失最小值是在 8.48 GHz，可以达
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到-30.34 dB；它的厚度是 2 mm 时，有效吸收频宽约为 7 GHz（9.12-16.08 GHz）。 
4、空心结构的表面形貌和组成对吸波频带宽度的影响。在乙醇溶剂中醋酸
钴分解，可以得到空心的钴微米球样品。钴微米球的粗糙表面可以改变电磁波的
入射位点。由于表面的粗糙程度不同导致样品的最佳吸收峰的频率发生位移。除
此之外，使用凝胶-溶胶-煅烧法合成空心的 CoFe 合金和 FeCo/CoxFe3-xO4 复合体
系。最佳的 FeCo/CoxFe3-xO4 复合样品的频带宽度可以达到 6.24 GHz，当样品的
厚度是 1.5 mm 时，反射损失在 17.44 GHz 可以达到-32.67 dB。 
关键词：介电常数，磁导率，形貌，电磁波吸收。 
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Abstract 
Designed fabrication of electromagnetic (EM) wave absorption materials in terms 
of light mass, thickness, wide range and strong absorption have been attracting 
attention in both commercial and military applications.  Because pure as a absorption 
material is suffering from narrow bandwidth, much new researches have focused on 
constructing nanocomposites, heterostructures or hybrid nanostructure, which may 
become a desired material to meet the demand of impedance matching.  Compared 
to pure, composites diaplayed improved EM absorption performance, which is due to 
the enhanced reflection and scattering in the interface.  Herein, controlled structure 
and morphology of Co-based composites were employed as the EM absorber. 
1、The effect of structure and morphology of Co, CoO, Co3O4 for their EM 
absorption properties.  Co(OH)2 microstructures with plates and flowers were 
synthesized via a hydrothermal process.  After calcining in different atmosphere, Co, 
CoO and Co3O4 microstructures formed.  The maximum reflection loss (RLmax) 
value of flower-like Co/CoO/Co3O4 sample is -61 dB and the effective frequency 
range reaches 7 GHz. It suggests that these flower-like CoO/Co3O4 structure can 
significantly enhance the performance of EM absorption of Co/ CoO/Co3O4. 
2、Dependency of effective permittivity and permeability on structure and 
morphology of Co3O4 and Co3O4/graphene composites.  A series of Co3O4 with 
various morphologies such as stars, urchins, plates and hollow structures were 
synthesized via a facile hydrothermal method and calcination in air, which could be 
easily achieved by adjusting the temperature and reaction time.  The surface 
architecture plays an important role in improving the RL of Co3O4/graphene 
composites (-25.7 dB at 14.56 GHz for Co3O4 urchins/graphene and -18.3 dB at 8.88 
GHz for Co3O4 plates/graphene). 
3、The controlled chain structures for EM wave absorption property. A series of 
metal@metal oxides hybrid structures: (Ni,Co)@(Ni,Co)xFe3-xO4, Ni@NixFe3-xO4, 
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Co@CoxFe3-xO4 and (Ni,Co)@NixCo3-xO4, were synthesized via a solvothermal 
synthesis and partial oxidation process.  (Ni,Co)@(Ni,Co)xFe3-xO4 chains have best 
microwave absorption performances among these hybrid structures.  For a 
composition of (Ni,Co)@(Ni,Co)xFe3-xO4/graphene, the effective absorption 
frequency (RL<-10dB) range can be achieved about 7 GHz and the strongest RL 
value is -30.34 dB at 8.48 GHz. 
4、Design of surface architecture and hollow porous Co-based structure with 
enhanced microwave absorbing properties.  The cobalt acetate is turned into Co 
microsphere in ethanol.  The hierarchical architectures of Co microsphere provide 
more incident active site, which changed the frequency of RLmax value.  Moreover, 
CoFe alloys and FeCo/CoxFe3-xO4 compoistes were synthesized by sol-gel method 
combination of calcination.  The effective frequency range of FeCo/CoxFe3-xO4 
compoistes can reach 6.24 GHz and their RLmax value is 32.67 dB at 17.44 with the 
thickness of 1.5 mm. 
Keywords： permittivity, permeability, morphology, microwave absorption 
properties. 
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